Aims: To determine the presence or absence of human papillomavirus (HPV) DNA in oral inverted ductal papillomas (IDPs) using in situ hybridisation (ISH), and to analyse all cases for histological features of HPV infection. Methods: Six cases were retrieved from archival material and paraffin wax blocks were submitted for the detection of HPV DNA by means of ISH. A wide spectrum probe for HPV subtypes 6, 11, 16, 18, 31, 33, 45, 51, and 52 was used initially. Cases that were positive using this wide spectrum probe were further subtyped using HPV type specific probes (6/11, 16/18, and 31/33). The histological features of all tumours were analysed using routine microscopy. Results: Of the six cases of oral IDP identified, three were positive for HPV subtypes 6/11. All positive cases showed histological features of HPV infection (koilocytosis, papillomatosis, binucleated keratinocytes, and abnormal mitosis) in both the surface and the inverted epithelium. The three cases that tested negative for HPV DNA also exhibited focal histological features of HPV infection (two in the surface epithelium and one in the endophytic epithelium). Conclusions: These are the first documented cases of oral IDP to demonstrate positivity for HPV DNA and also to show histological features of HPV infection.
O ral inverted ductal papillomas (IDPs) are benign tumours that are thought to arise from the terminal portions of the excretory ducts of minor salivary glands. In 1982, White et al formally introduced the term IDP to describe these lesions. 1 The name was chosen for these lesions because of a histological similarity to inverted papillomas of the sinonasal tract. Only 33 cases of this tumour have been reported to date, many of which were described in case reports. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Clinically, IDPs present as soft tissue masses with either a smooth or papillary surface. They occur over a wide age range (28-77 years) and have a slight female predilection (2.2 : 1). The most common locations are the lip, buccal mucosa, palate, and the floor of the mouth. These tumours are treated by surgical excision. Brannon's review of the literature 11 found that 12 of the 33 reported cases included follow up, and none of these 12 cases were found to recur in follow up that ranged from three months to 240 months.
''Review of the literature reveals only two case reports of oral inverted ductal papilloma that were examined for human papillomavirus DNA'' Histologically, oral IDPs are well circumscribed, cup shaped, endophytic epithelial tumours with pushing borders. The bulbous endophytic epithelial proliferations extend into a central lumen as papillary projections. In most lesions, the endophytic epithelial component is contiguous with the surface epithelium. The endophytic epithelium is composed primarily of squamous cells, but both ciliated columnar and cuboidal epithelial cells, in addition to mucous cells, can be seen. Microcysts, containing mucous and polymorphonuclear leucocytes, are commonly seen. Nuclear pleomorphism and mitotic figures are rare. 3 12 Histological features of human papillomavirus (HPV) infection (koilocytosis, binucleated keratinocytes, abnormal mitoses, etc) have not been reported in association with oral IDP.
There have been no reports of the identification of HPV DNA in oral IDP. Review of the literature reveals only two case reports of oral IDP that were examined for HPV DNA. Both cases were found to be negative. 8 10 Neither author commented on the presence or absence of histological features of HPV infection. In contrast, sinonasal papillomas have been studied extensively for their association with HPV. Syrjänen et al first suggested the association between sinonasal papillomas and HPV in their 1983 report. 13 Since that initial report, the results of numerous studies have been published, which document HPV testing in over 1000 sinonasal papillomas. Collectively, HPV was identified in 33.3% of these sinonasal papillomas, as determined by various detection methods (polymerase chain reaction (PCR) and hybridisation techniques).
14 HPV types 6 and 11 have been the most frequently identified HPV subtypes in sinonasal papillomas. [14] [15] [16] We present a series of six cases of oral IDP that have been evaluated for HPV DNA using in situ hybridisation (ISH) and studied for histological features of HPV infection using routine light microscopy.
METHODS

Biopsy material
Six formalin fixed, paraffin wax embedded biopsy specimens of oral IDP were retrieved from archival material (Oral Pathology Laboratories, New York, USA). Sections of each case were stained with haematoxylin and eosin and the histological diagnoses were reviewed using recognised morphological criteria for oral IDP. In addition, each case was reviewed for histological features of HPV infection (koilocytosis, binucleated keratinocytes, abnormal mitosis, 
In situ hybridisation
Additional sections were obtained for the purpose of HPV DNA hybridisation studies using commercially available probes. Initially, a wide spectrum biotinylated probe (Dako, Carpinteria, California, USA) for common HPV types was used, according to the manufacturer's suggested protocol (Dako GenPoint K0620 catalysed signal amplification system for in situ hybridisation; Dako). The wide spectrum probe (Y1404) targets the genomic DNA of HPV types 6, 11, 16, 18, 30, 31, 33, 35, 45, 51, and 52. Further subtyping was carried out on cases found to be positive using the wide spectrum probe. Three type specific probes for HPV 6/11 (Y1411), HPV 31/33 (Y1413), and HPV 16/18 (Y1412) were used for subtyping.
RESULTS
Of the six cases of oral IDP identified from archival material, there was an equal sex distribution, with three cases occurring in men and three in women. The age range was 27 to 57 years (mean, 43). The most common location was the lip, followed by the floor of the mouth.
In situ hybridisation
Three of the six cases tested were positive for HPV DNA using the wide spectrum probe. All positive cases were further characterised for HPV subtypes, and all were shown to contain HPV types 6/11. All cases were negative for HPV subtypes 31/33 and 16/18. Positivity for HPV DNA was noted in all three cases, both in the surface epithelium (fig 1) and the endophytic epithelium (fig 2) . Table 1 summarises the results of the ISH analysis and also includes the clinical data.
Light microscopy
All six cases showed classic features of oral IDP (fig 3) . Five of six cases exhibited histological features of HPV infection. Table 1 details the histological features of HPV infection that were found in the surface and submucosal portions of the tumour for each of the six cases. Five cases showed features of HPV infection in the surface epithelium consistent with papillomatosis, koilocytosis, and binucleated keratinocytes (fig 4) . Three of these cases were positive for HPV DNA. Four cases had features of HPV infection in the endophytic component; three of these were found to contain HPV DNA ( fig 5) . No histological evidence of epithelial dysplasia was noted.
DISCUSSION
Oral IDPs are non-aggressive benign growths with no reported potential to undergo malignant transformation. They present clinically as small, isolated, well defined nodules, which do not recur after conservative local excision. 11 Our study identified light microscopic features of HPV infection in five of the six cases studied and detected HPV 6/11 DNA in three of them. This is the first report documenting the presence of HPV DNA in oral IDP. To date, in only two case reports of oral IDP were the samples tested for HPV DNA. One study used ISH as a detection method for HPV DNA, whereas the other used PCR. Both cases were found to be negative. 8 10 Although there is a histological similarity between oral IDP and sinonasal inverted papilloma, the clinical presentation and prognosis are considerably different. Histological features common to both tumours include an endophytic proliferation of broad papillary projections composed of stratified squamous epithelium containing microcysts and mucous cells. Although sinonasal inverted papillomas are predominantly endophytic, they may present with an exophytic component. 17 In contrast to the stratified squamous surface epithelium of oral IDPs, sinonasal inverted papillomas present with columnar ciliated epithelium, reflecting their site of origin. Sinonasal inverted papillomas have a high recurrence rate after excision, pose a risk for malignant transformation, 18 and present in a multicentric manner. 19 As already stated, multiple investigators have documented the presence of HPV DNA in these lesions. [13] [14] [15] [16] Most often, researchers have identified HPV subtypes 6/11 in benign sinonasal inverted papillomas, but HPV types 16/18 have also been documented infrequently, including cases associated with squamous cell carcinoma. 20 21 ''Although there is a histological similarity between oral inverted ductal papilloma and sinonasal inverted papilloma, the clinical presentation and prognosis are considerably different''
The detection of light microscopic features of HPV infection in otherwise ''routine'' oral IDP prompted our investigation of archival cases for the presence of HPV DNA. Five of the six archival cases studied proved to exhibit light microscopic features of HPV infection, including koilocytosis, binucleated keratinocytes, increased mitotic activity, and abnormal mitoses. These features have been reported in cases of sinonasal inverted papilloma, 22 but not in oral IDP. Our results show a correlation between light microscopic features of HPV infection and the detection of HPV DNA by ISH in three of the six lesions. Failure to detect HPV DNA in the remaining three cases may reflect a varied aetiology and pathogenesis for these tumours. It is also possible that these cases represent false negatives. The potential for false negative results is a valid consideration because ISH is unable to detect low copy numbers of HPV DNA. 23 24 It is also possible that the negative cases contained HPV subtypes other than those that were investigated.
The exact role of HPV in the aetiology and pathogenesis of these oral tumours is equivocal. The reported prevalence of HPV in normal mucosa varies between studies depending on sample collection technique, age, sex, and HPV detection methods. According to data compiled by Syrjänen and Syrjänen from a total of 24 studies of normal oral mucosa, the prevalence of HPV in normal mucosa is approximately 11%. 25 Consequently, there is a potential for the incidental identification of the virus in an otherwise unrelated pathological process. N The exact role of HPV in the pathogenesis of these tumours remains to be understood
